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INTRODUCTION 
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Values  of  the  non-dimensional  cable  functions  used  in  computations 
to  obtain  towcable  tensions,  towed  body  depth  and  towed  body  trail 
are  listed  in  Table  I of  DTMB  Report  No.  687,  (reference  (a)).  This 
memorandum  contains  a compendium  of  the  non-dimensional  cable  functions 
in  the  form  of  a single  graph  and  examples  of  typical  solutions  in 
towed  body  applications.  The  graphical  plot  and  typical  solutions  are 
published  so  as  to  amplify  and  simplify  the  utility,  ef  reference  (a); 

The  cable  functions  when  used  in  the  abridged  form  shown  will  enable 
engineers  to  obtain  approximate  solutions  to  towed  body  problems.  This 
memorandum  is  not  intended  to  supersede  reference  (a). 

BACKGROUND 

The  cable  functions  shown  in  reference  (a)  resulted  from  analyses 
performed  at  the  David  Taylor  Model  Basin  by  L.  Pode.  These  functions 
are  exact  when  used  for  a non-streamlined  circular  towline  (i.e.,  a 
bare  towcable).  For  a streamlined  or  faired  towcable,  the  tables  in 
reference  (a)  have  been  supplanted  by  the  more  exact  analyses  made  by 
Whicker  in  reference  (b).  Whicker* s solution  in  the  limit  for  a cir- 
cular cross-section,  becomes  identical  with  Pode's  solution. 

USL  is  preparing  an  IBM-704  computer  program  in  which  the  theoreti- 
cal analyses  of  reference  (b)  are  used.  Therefore,  at  USL,  towed  body 
situations  involving  either  a bare  or  faired  towcable  should  be  solved 
accurately  and  expeditiously  by  the  computer  program. 

In  the  process  of  designing  a towline  system,  or  of  checking  the 
response  of  an  existing  towed  system,  the  engineer  may  not  desire  a 
rigorous  computer  solution.  The  graphical  plot  will  fill  the  need  for 
an  approximate  solution.  If  a more  accurate  solution  is  needed,  use 
should  be  made  of  either  the  tables  of  reference  (a)  or  of  the  computer 
program.  
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Figure  1 is  a plot  of  the  non-dimensional  cable  functions,  t,o,£, 
and  rj  . (See  "Glossary  of  Terms"  for  definitions  of  symbols).  The 
functions  are  plotted  on  the  ordinate  scale.  The  abscissa  scale  is 
the  cable  angle  . The  functions  are  plotted  through  the  range  of 
critical  angles,  <t>c  , from  10  to  85  degrees,  at  5-degree  intervals.  The 
plotted  functions  cover  the  range  of  f (ratio  of  the  tangential  to  the 
normal  cable  drag  coefficients)  from  0.01  through  0.03,  with  negligible 
differences.  The  range  of  f from  0.01  through  0.03  covers  problems 
concerned  with  bare  circular  cables.  (Pode,  in  a later  report  (reference 
(c)),  modified  the  hydrodynamic  loading  functions  in  order  to  approxi- 
mate the  forces  on  a faired  cable.  However,  reference  (b),  by  being 
more  exact,  still  remains  the  acceptable  solution  for  faired  cables, ) 

For  faired  cables,  Pode  recommended  (see  reference  (bl)^ values  of 


tor  faired  cables,  Pode  recommended  (see  reference  .fb^y  values  of 
f as  high  as  0.5.  Notwithstanding"' the  variance  in  f values  (the  low 
values  for  bare  circular  cables  and  the  higher  values  for  faired  cables), 
the  graphical  plot  in  Figure  1 can  be  used  for  approximate  solutions 
to  both  bare  and  faired  cables.,  An  advantage  of  using  this  graph-i nnJ 
p lot  is  in  being  able  to  interpolate  between  the  critical  angle  para- 
meter. 


The  non-dimensional  cable  functions,  with  respect  to  the  towstaff  point 
of  the  coordinate  system,  are  by  definitions  (references  (a)  and  (b))j 

= T/T,  (1) 

a = Rs/T  (2) 


L = r*/t 


70  - Ry/To 

Transferring  the  reference  point  from  the  towstaff  to  any  other  point 

on  the  towcable  leads  to  the  following  equations:  ■- — 

ttCBSIM  tor 


where: 


t /T  - t/T 

O O 


(.o  -oa) 


R*/T  .=  U-  n/T 


Ry/T  = (ri-T))/r 


WHe  Sectln  to  (la) 
008  toff  Stctiw  □ ; 

OMKHOONCED  ^ j 
JUSTIFICATION **f  JUtCt**+  ( 'r) 


f&e 


DISTBIBUTIOH/AHILABIIITY  CCCE3 
Qtt,  avail  or  specTaT  ■ ( 4 a ) 


T = the  tension  at  any  point  on  the  cable;  \rr  \ j 

- the  angle  between  a tangent  to  the  cable  and  the  direction  of 
motion  at  any  point  on  the  cable; 

rbc  = constant  value  of  angle  when  cable  by  itself  is  towed  freely; 

To  = tension  at  towpoint  (cable  attachment  point  on  towed  body); 

s = amount  of  cable  between  any  point  on  the  cable  and  towed  body 
attachment  point; 
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= trail  distance  (horizontal  projection  of  cable  length  s); 

y = nominal  depth  of  towed  body  (vertical  projection  of  cable 
lengths) ; 

R = cable  drag  per  unit  length  when  cable  is  normal  to  direction 
of  motion; 

R = CD  g/2  d V2; 

Cq  = coefficient  of  normal  drag,  see  Figure  2; 
a = diameter  of  cable; 

P = mass  density  of  sea  water  ( £ 2 in  the  English  system),  and 
V = spaed  of  tow. 

The  subscript  zero  refers  to  the  towstaff  location. 


Figure  2 is  a plot  of  circular  cable  drag  coefficients  versus 
Reynolds  Number  (N^)  - V d/v  : V is  the  velocity  of  tow  (ft. /sec), 
d is  the  largest  cros's- sectional  diameter  of  the  bare  or  faired  tow- 
cable  (ft.)  and  v is  the  kinematic  viscosity  of  sea  water  which, 
at  atmospheric  pressure  and  a temperature  of  60  degrees  Fahrenheit, 
is  approximately  equal  to  1.2  x 10“ 5 ft2/sec> 

Figure  3 is  a plot  of  drag  coefficient  as  a function  of  Reynolds 
Number  for  several  bodies  of  revolution.  This  graph  is  useful  for 
determining  the  drag  coefficient  for  both  a streamlined  or  faired 
cable  and  a towed  object.  Figure  3 is  useful  for  illustrating  the 
range  of  drag  coefficients  for  various  bodies  of  revolution.  If  possible, 
the  actual  drag  coefficient  of  the  faired  cable  or  towed  body  (if  differ- 
ent from  Figure  3)  should  be  used. 

Typical  examples  using  the  graphs  of  Figures  1,  2,  and  3 are 
shown  illustrated  directly  on  Figure  1.  The  procedures  for  solving 
the  parameters  of  an  existing  or  new  design  type  towline  are  delineated 
below.  Representative  solutions  are  illustrated  on  Figure  1. 

COMPUTATIONS  FOR  AN  EXISTING  TOWLINB  — - 

A.  Basic  Information  Needed 


(a)  Diameter  of  the  cable  or  largest  cross-sectional  thickness 
of  fairing; 

(b)  Weight  per  linear  foot  of  cable  in  the  water; 

(c)  Water  weight  of  towed  object; 
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(d)  Largest  diameter  (D)  and  largest  cross-sectional  area  (A) 
of  towed  object;  and 

(e)  Range  of  tow  speeds. 

The  following  can  be  obtained: 

(1)  Reynolds  number  at  each  tow  speed; 

(2)  Approximate  coefficient  of  form  drag  of  the  towed 
object  at  each  tow  speed  (use  Fig.  3 if  necessary); 
and 

(3)  Approximate  coefficient  of  normal  drag  of  the  towline 
cable  at  each  tow  speed  (use  Fig.  2 if  necessary). 

B.  Preliminary  Computations 

With  the  basic  information  above,  the  following  is  next  computed: 

(a)  The  normal  drag  force  per  unit  length  on  the  towline; 

(b)  The  critical  angle  <£c  , obtained  from  the  table  on  Fig.  1; 

(c)  The  normal  drag  force  on  the  towed  object; 

(d)  The  towed  body  towstaff  angle,  and 

(e)  The  total  cable  tension  at  the  towstaff. 

C.  Solutions  Available  Using  the  Graphs 

With  the  above  preliminary  computations  and  by  means  of  Fig.  1,  the 
following  may  be  obtained: 

(a)  For  constant  amount  of  cable  payed-out  and  different 
speeds  of  tow: 

(1)  Depth  of  towed  object; 

(2)  Trail  of  towed  object; 

(3)  Towcable  tension  at  water  surface; 

(4)  Scope  of  the  towline  (the  shape  of  the  towline  curve),  and 

(5)  The  horizontal  and  vertical  projection  of  the  towline. 

(b)  For  constant  speed  of  tow  and  different  amounts  of  cable 

payed  out: 

(1)  Same  as  items  (a)-(l)  through  (a)-(5)  above. 
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(b)  For  constant,  depth  of  the  towed  object  and  different 
speeds  of  tow,  to  obtain: 


(1)  Amount  of  cable  payed-out; 

(2)  Trail  of  towed  object; 

(3)  Towcable  tensions;  and 

(4)  Scope  of  the  towline. 


COMPUTATIONS  FOR  A NEW  DESIGN  OF  A TOWLINE 


A.  Basic  Information  Needed 


fairing; 


(a)  Range  of  diameter  of  cable  or  largest  thickness  of 


(b)  Range  of  weight  per  linear  foot  of  cable  in  water; 

(c)  Water  weight  of  towed  object; 

(d)  Largest  diameter  (D)  and  cross-sectional  area (A)  of  towed 
object;  and 

(e)  Range  of  tow  speeds. 

The  following  can  be  obtained: 

(1)  Reynolds  number  at  each  tow  speed; 

(2)  Approximate  coefficient  of  form  drag  of  the  towed 
object  at  each  tow  speed  (use  Fig.  3 if  necessary). 

(3)  Approximate  coefficient  of  normal  drag  of  the 
towline  cable  at  each  tow  speed.  (Use  Figure  2 if 
necessary) 

B.  Preliminary  Computations 

For  each  proposed  towline,  the  following  is  next  computed: 

(a)  The  normal  drag  force  per  unit  length  of  towline; 

(b)  The  critical  angle  4>c  , obtained  from  the  table  on  Fig.  1; 

(c)  The  normal  drag  force  on  the  towed  object; 

(d)  The  towed  body  towstaff  angle,  and 

(•)  The  total  cable  tension  at  the  towstaff.  *; 


r 
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C.  Jolutiona  Available  Using  the  Graphs 

The  same  solutions  outlined  previotisly  can  be  obtained.  The  solutions 
obtained  are  for  a orel iminnrv  design;  more  rigorous  solutions  should  be 
performed  for  the  particular  touline  selected. 

TYPICAL  PH  OR  LEM  VOLITION 
For  an  existing  towline,  the  following  is  known: 

fa)  Largest  cross-section  diameter  of  fairing  = 1.75  inches; 

fb)  Weight  per  linear  foot  of  cable  in  water  = 7 lbs. /foot; 

(c)  Water  weight  of  towed  object  = 25,000  lbs.; 

(d)  Largest  diameter  of  towed  object  = 12  feet; 

fe)  Largest  cross-sectional  area  of  towed  object  = 113  ft.*"; 

(f)  Towing  speed  = 19.5  knots  = 33  fps. 

Reynolds  dumber 

The  Reynolds  numbersfor  the  towline  and  toued  object  are: 

For  the  towline:  N„  - WA/V  - 3M  1.73/ 12)  _ 4 x 10*  (5) 

" 1.2  x 10- * 

For  the  towed  body:  N - VD/«/  « ---?  - 3.3  x 10 7 '&) 

1.2  x 10*  5 


Coefficients  of  Drag: 

For  the  towline:  Assuming  the  cable  is  bare,  from  Figure  2 at 

NR  = 4 X 10  *3 ; CD  ^ 1. 

Assuming  the  cable  is  faired  and  in  the  shape  of  an  airship  hull, 
from  Figure  3 at 

Nr  --  4 x 105;  cD  = 0.0R. 

For  the  towed  body:  Assuming  an  airship  hull  shape,  from  Figure  3 
at  Nr  = 3 .3x107 ; v falls  outside  the  limits  of  Figure  3. 

The  value  of  = 0.08  is  extrapolated  from  an  extended  curve. 

1,1 
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For  the  cable:  R - C p/2  dV1 

(7) 

For  the  towed  body:  FD  - CD  p/2  AV1 


Norms  1 

'Jormu  l 
where 


Drag  on  the  hare  cable  tow  line  - R - 1.0  (p/2)  (33)1  - 159  lbs./ft. 

12  f8) 

Drnp  or,  faired  towline  = R . 0.08  (p/2)  (33)1  - 12.6  lbs./fu 

12 

'V. 

p/2  ^ 1 


Th«»e  calculations  of  cable  drap  show  that  it  is  important  to 
streamline  the  cable  for  high  speed  tows.  For  the  remalninp  calculations, 
the  towline  will  be  assumed  faired. 


■Inued  Rodv  limp  Korea  0.08  (p/2)  (113)  (33)1  - 10,000  1b*. 

(9) 

lauataff  1'enaiun  = Te  - ((Towed  Body  Weight)1  + (Drag  Force)1  ]* 

- 27,000  lbs. 


The  T ousts ff  Ancle  is:  - cot*1  FD/Body  Weight 

2 68° 

.Hritica  1.  Angle  of  Jable:  W/R  - 7/12.6  - 0.56;  from  Table  in  Fig.  1, 

<fic  £ 40’  ^ M0l 


ijan-Jimenaiiinal  Cable  Functions  at  Towed  body: 


For  towstaff  angle  of  68°  and  4r  eoual  to  40°, 

from  Figure  1 : ra  - 1.28  (1.2836)* 

<fe  - 0.523  (0.5214) 

- 0.H1  (0.1098) 

rfa  - 0.50  (0.5065) 


the  foil owi rip  is  obtained 


Ml) 


i 


i 


•Values  in  parenthesis  are  taken  from  the  tables  of  Reference  (a)  for 
f - 0.02.  They  are  shown  for  comparison  purposes.  The  largest  di screnanry 
shviuld  be  on  the  order  of  4 to  5%. 
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timing  Conditions 

Solutions  will  be  obtained  for  the  following  conditions: 

L. — Gable  Paved  Out  of  GOO  Feet  _ 

(a)  At  the  water  surface  (from  equation  2a); 

*•  RsT°  (12.6)  (600)  (1.28)  „ D,„ 

a.  «=  + o * + 0.525  * 0.879 

1 T„  ° 27000 

where  subscript  (1)  refers  to  the  location  at  the  water  surface. 


From  Figure  (1)  with  ^ equal  to  40°  and  <7,  equal  to  0.879,  the  angle  at 
the  water  surface  is  found  to  be  <j>t,  equal  to  60  degrees.  The  remaining 
cable  functions  at  the  surface  are  therefore: 


t,  = 1.45  (1.4534) 

f,  = 0.25  (0.2591) 

= 0.80  (0.8088) 


(b)  Depth  of  towed  body  (from  equation  (4a)): 


Depth  = y = 


To07i  - 7o>  27000  (0.80  - 0.50) 


Rr. 


12.6(1.28) 


- 502  feet 


(13) 


(14) 


(c)  Trail  of  towed  body,  (from  equation  (3a)): 

_ T- <*!-«.>  27000  (0.25  -0.11) 

Trail  = * = - =251  feet 


Rt. 


12.6  (1.28) 


(d)  Towline  tension  at  surface.  (from  equation  (la)): 


Tension  = T,  = T T /t  = 


1.45 

1.28 


(27000)  = 31000  lbs 


(15) 


(16) 


B, — Towing  Depth  of  350  feet 


Since  the  cable  function  constants  at  the  towstaff  are  unchanged: 


(a)  At  the  water  surface,  from  equation  (4a): 


7, 


Ryr# 

T 


+ f. 


(12.6)  (350)  (1.28) 
27000 


+ 0.50  = 0.71 


(17) 


*#By  varying  the  length  s , the  parameters  along  the  towcable  length  can  be 
obtained.  Tn  all  the  illustrations,  only  the  parameters  at  top  and  bottom 
of  the  towline  cable  are  computed. 
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irom  Figure  M),  ult.h  </>e  equal  to  40  degrees  nnd  ij(  equal  to  0.71, 
the  angle  at  tho  surface  is  found  to  be  62  degrees. 

The  remaining  cable  functions  are: 

r,  - 1.40  (1.4047) 

crj  - 0.75  (0.7597)  (18) 

£,  - 0.20  (0.1901) 


^b)  Length  of  cable  necessary  to  maintain  depth  of  350  feet,  from 
equation  (2n): 


Hsr0 

a *■  + a 

1 •¥*  O 

1 O 

r . , . . To  . . 27000  (0.75  - 0.525) 

Cable  Length  - s =■  (n  - o ) « : t 

Rt„  1 ° 12.6(1.28) 

" 377  (cct 

(c)  Trail  of  towed  object  from  equation  (3a): 


Trail 


1 ‘ FT  «■  - f-’ 


151  feet 


27000  (0.2  - 0.11) 
12.6(1.28) 


(19) 


(20) 


^d  ■ Towline  tension  at.  water  surface  from  equation  (la)): 

T. 


t,T  / t 

1 o n 


1.40 


(21) 


(27000) 


1.28 
29500  lbs. 


CONCLUSIONS 


The  non-dimensional  cable  functions  tabulated  originally  by  L.  Vode 
have  been  graphed  for  the  range  of  f (ratio  of  tangential  to’  normal  drag 
coefficients)  of  0.01  to  0.03,  nnd  cable  angle  $ from  10  through  DO  degrees, 
The  critical  angle  parameter,  , is  represented  in  5-degree  intervals 
through  10  to  85  degrees.  Typical  calculations  are  shown  on  the  graphed  cab! 
functions.  Plots  of  coefficients  of  drag  for  bare  cables  and  some  bodies  of 
revolution  are  also  included.  yn^—s 

'iffy iuo  LA  a 
maTthlw  F.  poll 
Mechanical  Engineer 
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Synod 

A 

CD 

J 

Zo  or  F Q 


Def i nitlon 

Lament  cross-sectional  ar^n  of 
towed  body 

Coefficient  of  Normal  Drar 

Largest  diameter  of  toweJ  body 

Horizontal  Jray  force  apainst 
towe  : body 

Diameter  of  cable 


T 

' O 


V 
W 

V 

X 


y 

v 


V 


Water  weight  of  towed  body 
Reynolds  number 

Cable  dray  when  cable  is  normal 
to  direction  of  motion 

Length  of  cable  between  any  point 
on  the  cable  nr.d  tevc.i  body  attach- 
ment  point 

Tension  at  any  point  on  the  cable 

Tension  at  towpoint  (at  towstaff) 

(Also  T reference) 

Velocity  of  tow 

Unit  weifht  of  towline  in  water 
Non-dimensional  ratio:  W/^ 

Horizontal  Kro.joction  of  cable 
length  (Trail  distance) 

Vertical  projection  of  cable 
length  (Depth  distance) 

Cable  function  equal  to  Ry  / 

'T  rcferer.ee; 

Kinematic  Viscosity  of  sea  water 


Uni  L.~» 

sq.ft. 

ft. 

lbs. 

ft. 

lbs. 

lbs. /ft. 
ft. 


lbs. 

lbs. 

ft./sec. 


ft. 

ft. 


non- 

dimensional 

ft.-7/ 

/ sec. 
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Symbol 

t 


Definition 

Cable  Function  equal  to 
Rx/T  reference 

Mass  density  of  sea  water 


Units 

non-dimensional 

2 

lbs. -sec  /^4 


Cable  function  equal  to 

Rs/T  reference 


non-dinensional 


Angle  between  tangent  to  the  degrees 

cable  and  the  direction  of 
motion,  at  any  point  on  the  cable 

Value  of  Angle  <£  when  cable  (by  itself) 
is  towed  freely  (<£c  = F (W/R) ) degrees 


Subscript  zero  refers  to  towstaff  point. 
Subscript  one  refers  to  point  at  water  surface. 


0 


PRELIMINARY  TOWLINE  CALCULATIONS 
(SEE  TEXT  FOR  DETAILS) 

TOWLINE  N„-^-»4x  104  \ 


CD  TOWLINE  - 0.08  (FIG.  3)  \ A , ,,j  FJ2 

C0  TOWBODY.  0.08  (FIG.  3)  I 
TOWLINE  DRAG  = R - C„  p/2  8V2  . 12.6  LBS/FT 
TOWBODY  DRAG*  CD  p/2  AV2  * 10,000  LBS  * FD 
T#=  TOWSTAFF  TENSION  - V (TOWBODY  WEIGHT)2  + F2 
- 27.000  LBS 

TOWBODY  WEIGHT  * 25,000  LBS. 


TYPICAL  TOWLINE  CALCULATIONS 
(SEE  PRELIMINARY  CALCULATIONS  FOR  DATA) 


TOWSTAFF  ANCLE  = <4  - COT 


TOWBODY  WEIGHT 


READ  FROM  GRAPH: 
r = 1.28 


TOWLINE  CRITICAL  ANGLE 
W 7 LB/FT 
R 12.8  LB/FT 
FROM  TABLE  ABOVE:  <4, 
WITH  ,4  - 40°,  <4  - 88° 


0.525 

0.11 

0.50.  AND  PREVIOUSLY 

27,000  LBS  (CONT’D  BELOW) 


0.58,  W CABLE  WEIGHT  IN  WATER 


Plots  ol*  the  Non-dimensional  Cable  Functions  (Podc's  Solution) 


READ  FROM  GRAPH: 


to  » 1.28 
<7.  . 0.525 
4 -0.11 

q0  - 0.50,  AND  PREVIOUSLY 
T 27,000  LBS  (CONTD  BELOW) 


IN  WATER 


Bionai  Cable  Functions 


i SO 

4>  £ CE-ftS-tts) 


rr  56 
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EXAMPLE  OF  COMPUTATIONS 
FOR  CABLE-PAY-OUT  . <00  FEET  - S 
(A)  AT  WATER  SURFACE  (POINT  1) 

o,  . + a (I2.<I(«00)(1.2S) 

T.  ° 27.000 


®,  = 0.879 

WITH  <*e  - 40°,  <r,  =0.875.  FIND  ON  GRAPH: 
<5,  = 60°  AND  HENCE  t,  . 1.45, 

- 0.25,  AND  ,,  . 0.8. 

(B)  DEPTH  OF  TOWED  BODY 

DEPTH  - Y = . 502  FEET 

Rto 

(C)  TRAIL  OF  TOWED  BODY 

TRAIL  = X - T<,(fl  -^°)  251  FEET 
R* 

(D)  TOWLINE  TENyON  OF  SURFACE 
' | T,  = r,  T0/r#  = 11,000  LBS. 


3 


Fig.  3 - Drag  Coefficient  as  a Function  of  Reynolds  Number  for 
Several  Bodies  of  Revolution. 

(Reprinted  with  Permission  from  H.  Rouse,  Elementary  Mechanics 
of  Fluids,  1946,  John  Wiley  and  Sons,  Inc.  , New  York) 
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